Cosmological models where dark matter and dark energy interact with each other are the general ones in compared to the non-interacting models since the later can be obtained setting no interaction in the field equations. The current astronomical data prefer an interaction in the dark regime as shown in a series of investigations by different research teams. However, a drawback of such models which we cannot disagree, is that, no one knows how dark matter and dark energy interact with each other. Thus, there is a complete freedom to choose any specific interaction model by hand but with the ease of astronomical data we can test their viabilities and finally rule out if they do not fit with the expansion history. In this work, allowing an exponential interaction between dark matter and dark energy in a spatially flat Friedmann-Lemaître-Robertson-Walker background, we explore the dynamical history of the universe through the constraints of the free parameters. Our analysis shows that although the interaction is exponential, but the observational data allow a very small coupling strength and can recover the non-interaction scenario within 68% confidence level. The dark energy state parameter has been found to be very close to the cosmological constant boundary '−1'. The overall results show that at the background level, our model cannot be distinguished from the non-interacting wxCDM model and the ΛCDM model while the analysis at the perturbative level clearly show that the model is distinguished from the wxCDM model as well as from the ΛCDM model. The notable point in this work that we would like to highlight is that, the observational data do not seem to allow a strong interaction in the dark sector even if we allow the dark fluids to interact with each other in an exponential manner.
INTRODUCTION
There is no doubt that our universe is currently accelerating, at least from a large number of independent astronomical surveys [1, 2, 3, 4, 5] . This accelerating phase does not fit into the standard cosmological model requiring the presence of some negative pressure component fluid in the universe sector dubbed as dark energy. And from the current astronomical estimation, this socalled dark energy fluid occupies almost 68% of the total energy density of the universe. The rest 32% of this energy density is filled up by a pressureless dark matter fluid (also called as cold dark matter) and baryons, radiation. The common behaviour in both dark matter and dark energy is that, both are unknown to us by its origin, character, dynamics for instance. The above entire picture can be framed in terms of the ΛCDM cosmology where the dark energy fluid is represented by some cosmological constant, Λ > 0 and CDM is the cold dark matter. But, as well known, the problem with cosmological constant [6] leads to several alternative models [7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] trying to explain * Electronic address: d11102004@163.com † Electronic address: pansupriya051088@gmail.com ‡ Electronic address: anpaliat@phys.uoa.gr this accelerating phase so that the observational data can match the theoretical model. Between the alternative models, interacting cosmologies have drawn the attention of the scientific society. In interacting cosmologies the gravitation theory is generally assumed to be described by the General theory Relativity where the fluids describing the dark sector of the universe, namely the dark matter and dark energy, are allowed to interact with each other 1 . In particular, the total fluid of the dark sector is conserved. For a detailed understanding of the interacting cosmologies, we refer to two recent reviews [18, 19] .
Although one may note that the origin of interaction was not to explain the current accelerating universe rather to explain the cosmological constant problem [20] which is existing since long back ago and remained silent until the dark energy era began. When the alternative ΛCDM models appeared in the literature, it was found that they raised a problem which asks "why the energy densities of dark matter and dark en-ergy are of same order at current time?" also known as coincidence problem [21] . Consequently, it was found that the old concept of interaction between fields [20] can explain the cosmic coincidence problem [22] . Since then a large amount of investigations [23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41] have been performed and very recently another series of works comment that the astronomical data available today prefer a non-zero interaction in the dark sector [42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54] . Additionally, some most recent articles in this context argue that the interaction in the dark sector could be a very fantastic theory that may release the tension on the local Hubble constant [50, 51] , a most talkative issue in modern cosmology at present. Moreover, it has been found that the presence of interaction in the dark sector pushes the dark energy fluid into the phantom region [28, 35, 53, 54] . On the other hand, interaction cosmologies can describe, in a phenomenological way, the unified dark energy models, for instance see [55, 56] . Thus, the interacting models having the above features clearly demand for more investigations in recent years.
In the current work we investigate the cosmological constraints allowing an exponential interaction between dark matter and dark energy. The choice of an exponential interaction is indeed phenomenological, however it cannot be excluded on the basis of other interaction models that have been widely studied in the last couple of years. We consider such an interaction in order to investigate their ability with the observational data. For metric which describes the geometry of the universe we consider the spatially flat Friedmann-Lemaître-Robertson-Walker (FLRW) line element. Moreover, the dark components are assumed to have barotropic nature. The scenario has been fitted using the latest astronomical measurements from various data sets and the markov chain monte carlo package cosmomc has been used to extract the observational constraints of the model. It is quite interesting to note that even if we allow an exponential interaction in the dark sector, the resulting scenario does not deviate much from the ΛCDM cosmology. This might be considered to be an interesting result in the field of interacting cosmologies because this reflects that although any arbitrary choice for an interaction model can be made, but the observational data may not allow a strong interaction in the dark sector.
The presentation of the manuscript is as follows. In section 2 we describe the gravitational equations of the interacting universe at the background and perturbative levels. Section 3 describes the observational data employed in this work, fitting technique, and the results of the analysis. Finally, section 4 closes the entire work with a short summary.
GRAVITATIONAL EQUATIONS IN AN INTERACTING UNIVERSE: BACKGROUND AND PERTURBATIONS
In this section we describe the background and perturbation equations for the interacting dark fluids. Specifically, we consider a model of our universe where the total energy density of the universe is contributed by relativistic (radiation) and non-relativistic species (baryons, pressureless dark matter and dark energy). The fluids are barotropic where dark matter and dark energy interact with each other while the radiation and baryons do not take part in the interaction. We denote (p i , ρ i ) as the pressure and energy density of the i-th component of the fluid where i = r, b, c, x respectively represent the radiation, baryons, pressureless dark matter and dark energy. Now, considering a spatially flat FLRW line element for the universe with expansion scale factor a(t), the conservation equations for the interacting fluids folloẇ
where w x = p x /ρ x is the equation of state parameter for the dark energy fluid and Q is the interaction rate between the dark fluids. The conservation equations for radiation and baryons are the usual ones and they respectively take the forms ρ r = ρ r0 a −4 , ρ b = ρ b0 a −3 . Here, ρ i,0 (i = r, b) is the value of ρ i at current time for the i-th fluid.
The Hubble equation takes the form
which together with the conservation equations for all fluids ( (1) and (2) for pressureless dark matter, dark energy respectively and two for radiation and baryons), can determine the dynamics of the universe, provided the interaction rate Q, is supplied from outside. Technically, there is no such specific rule to select the forms for Q and thus some phenomenological choices are initially made and then they are tested with the astronomical data. The well known models for the interaction rates are,
We remark that the establishment of those interactions in the current literature followed from their agreement with the observational data and their stabilities at largescale, and thus a new interaction appearing in the literature should be equally welcomed. In this work we propose the following interaction
where ξ is the coupling strength of the interaction.
One can see that in terms of the coincidence parameter r = ρ c /ρ x , the interaction can be recast as Q = 3Hξρ x exp 1 r − 1 , and thus, for r → ∞, Q 3Hξρ x while for r → 1, Q 3Hξρ x . Those limits have been studied extensively in the bibliography, see [61] and references therein. Now, for any cosmological model, one must ensure its stability in the large scale of the universe, and thus, we need to study the perturbation equations. In order to do that, we consider the perturbed FLRW metric with scalar mode k given by [57, 58, 59 ]
where τ is the conformal time and the quantities φ, B,ψ, E, represent the gauge-dependent scalar perturbations.
The perturbation equations for the metric (3) follow [60, 61, 62] 
where we have used A just to represent the fluid (either dark matter or dark energy);
A in which Q A is the energy transfer rate and
is the momentum density transfer relative to the four-velocity u µ .
Now, introducing δ A = δρ A /ρ A , as the density perturbation for the fluid A, and assuming no anisotropic stress (i.e. π A = 0), in the synchronous gauge, that means with the conditions φ = B = 0, ψ = η, and k 2 E = −h/2−3η), the explit perturbation equations (density and velocity perturbations) can be written as [60, 61, 62] 
where the prime is the differentiation with respect to the conformal time τ ; H is the conformal Hubble parameter; c 2 sA , c 2 aA , are respectively the adiabatic and physical sound velocity for the fluid A related as c [60, 61, 62] . Now, one can write down the density and the velocity perturbations for the dark energy and cold dark matter as
where δQ/Q includes the perturbation term for the Hubble expansion rate δH. Now, for the interaction model of our consideration, the explicit evolution for density and velocity perturbations are 
OBSERVATIONAL DATA, FITTING TECHNIQUE AND THE RESULTS
The observational data, methodology and the results of the exponential interaction model are described in that Section.
We consider several observational data to constrain the current interaction model as follows:
• Cosmic microwave background radiation from Planck [63, 64] . The data is recognized as Planck TTTEEE+low TEB.
• Baryon acoustic oscillation (BAO) distance measurements from the 6dF Galaxy Survey (6dFGS) (redshift measurement at z eff = 0.106) [65] , Main Galaxy Sample of Data Release 7 of Sloan Digital Sky Survey (SDSS-MGS) (z eff = 0.15) [66] , CMASS and LOWZ samples from the latest Data Release 12 (DR12) of the Baryon Oscillation Spectroscopic Survey (BOSS) (z eff = 0.57) [67] and (z eff = 0.32) [67] .
• Redshift space distortion (RSD) data from CMASS sample (z eff = 0.57) [68] and the LOWZ sample (z eff = 0.32) [68] .
• The weak gravitational lensing (WL) data from the Canada−France−Hawaii Telescope Lensing Survey (CFHTLenS) [69, 70] .
• Joint light curve analysis (JLA) sample [71] from in the redshift interval z ∈ [0.01, 1.30] comprising 740 measurements.
• Latest cosmic chronometers (CC) measurements spanned in the redshift interval 0 < z < 2 [72] .
• The current estimated value of the Hubble parameter from the Hubble space telescope (HST) yieling H 0 = 73.02 ± 1.79 km/s/Mpc with 2.4% precision [73] . We identify this data as HST.
We use the markov chain monte carlo package cosmomc [74, 75] to constrain the model. This is an efficient simulation where the convergence of the model parameters is based on the Gelman-Rubin statistics [76] that may result in a sufficient convergence of all model parameters. The parameters space for the IDE scenario is
which is eight dimensional. Here, Ω b h 2 , Ω c h 2 , are the baryons and cold dark matter density respectively; 100θ M C , is the ratio of sound horizon to the angular diameter distance, τ , is the optical depth; w x is the equation of state parameter for dark energy; ξ is the coupling strength; n s , A S , are respectively the scalar spectral index, and the amplitude of the initial power spectrum. Now let us come to the observational constraints on the model. To constrain the entire interacting scenario we have used four different observational data, namely, • Planck TTTEEE + lowTEB (CMB),
• CMB + BAO + RSD,
• CMB + BAO + HST,
• CMB + BAO + RSD + HST + WL + JLA + CC.
Using the priors for the model parameters summarized in Table I and then performing a likelihood analysis using cosmomc, in Table II , we summarize the results. In Fig.  1 we show the one-dimensional posterior distributions for some selected parameters of the interacting scenario for the employed observational analyses. Further, in Fig. 2 , we display the contour plots for different combinations of the free as well as the derived parameters using different combined analysis mentioned above.
Our analyses show that the observational data favor a very small interaction in the dark sector which in most of the cases allow the non-interacting scenario as well. One stringent point we we notice is that, for the observational data CMB + BAO + HST, ξ = 0 is not allowed at least within 68% CL, but in the 95% CL, the non-interacting scenario is recovered. The lowest coupling strength as observed from Table II is attained for the final combined analysis (CMB + BAO + RSD + HST + WL + JLA + CC) taking, ξ = 0.0058
−0.0058 at 68% confidence-level (CL). In fact, one can see that for this particular combined analysis, ξ < 0.0172 at 99% CL, which suggests a weak interaction scenario. The suggestion of weak interaction is also followed by other observational combinations. Additionally, in the constraints of the dark energy equation of state, we have some different observations. As from Table II, one can see that the first two analyses, that means with CMB alone and CMB + BAO + RSD, the dark energy state parameter is found to be quintessential while for the remaining two analyses, its phantom character is suggested. Moreover, we note that for the analysis, CMB + BAO + HST, w x < −1 at least up to 68% CL. The addition of other external data sets, namely WL, JLA and CC into it decreases the parameters space for w x constraining w x = −1.0168 +0.0407 −0.0331 (at 68% CL) which shows that the quintessence regime is also not excluded and the dark energy state parameter moves toward the cosmological constant boundary. We note that for all analyses, w x is very close to the cosmological constant boundary. Since the coupling strength is very small and w x is close to '−1' boundary, thus, one can find that the current interaction model is quite close to that of the ΛCDM cosmological model.
We also show the dependence of the matter fluctuation amplitude σ 8 with different model parameters in Fig. 3 which clearly show that σ 8 is correlated to the coupling strength ξ and the CDM density parameter Ω m0 . Certainly, a higher coupling in the dark sector allows higher values of σ 8 . One striking feature we observe here is that, the parameter σ 8 , takes large values for all the analyses in compared to its estimation from the Planck's report [5] . This is the first evidence which clearly demonstrates that the exponential interaction which although allows a very small coupling between the dark sectors but it is effectively different from Λ-cosmology. That is something which has been derived analytically for a class of general cosmological models [77] . Thus, one thing is clear that only the constraints on ξ and w x cannot determine the qualitative behaviour of the model. However, in order to observe the behaviour of the Hubble rate and the density parameters in compared to their corresponding behaviour for different coupling strengths including its zero value (i.e. a non-interacting cosmological model), Fig. 4 we have depicted such evolutions. From this figure one can see that as the coupling strength increases, the model deviates from the Λ-cosmology, as expected, see again [77] .
We now move to the analysis of the model at the perturbative level. The plots have been displayed for the single analysis CMB + BAO + RSD + HST + WL + JLA + CC. At first we measure the effects of the coupling strength on the CMB TT and matter power spectra both shown in Fig. 5 which shows that higher coupling strength is equivalent to significant deviation from the w x CDM cosmology. The deviation is much pronouced from the matter power spectra (right panel of Fig. 5 ). However, since the estimated values of the coupling strength is small (see Table II ), thus, it is expected that the model is close to that of the w x CDM cosmology as well as the ΛCDM cosmology, however, practically that is not true. In order to understand that deviation, in Fig. 6 , we demonstrate the relative deviation of the model from the ΛCDM model through the CMB TT (left panel of Fig. 6 ) and matter power spectra (right panel of Fig. 6 ). In both the panels, we see that the model is effectively different from ΛCDM model which is only detected from the analysis of the model at the perturbative level. Thus, the interaction model indeed shows a nonzero deviation from the non-interacting w x CDM and ΛCDM cosmologies which is only exhibited from the analysis at the perturbative level.
SUMMARY AND CONCLUSIONS
An interacting scenario between a pressureless dark matter and a dark energy fluid where both of them have constant barotropic state parameters, has been studied. The background geometry is described by the usual FLRW line-element with no curvature.
The speciality of this work is the consideration of an exponential interaction in the dark sector, and then to see how an exponential interaction affects the entire dynamics of the universe as it is expected that the exponential character of the interaction rate might affect the back- ground and perturbative evolutions in an extensive way. We note that the exponential interaction is the simplest generalization of the linear interaction scenario [29, 48] . Thus, allowing such an interaction in the dark sectors, we fit the entire cosmological scenario with the markov chain monte carlo package cosmomc [74, 75] which is equipped with a converging diagnostic [76] . Interestingly enough, we find that even if we allow such an exponential nature of the interaction rate in the dark sector, the observational data, at present, do not allow the resulting scenario beyond the ΛCDM model at least at the background level.
To analyze the model we have constrained the entire interacting scenario using different observational data. We find that the coupling strength, ξ, estimated by all the analyses is low and hence a weak interaction limit (i.e. ξ ∼ 0) is suggested. We also find that, for all the analyses, ξ = 0 can be recovered within 68% CL (for the analysis with CMB + BAO + HST, ξ = 0 is recovered at 95% CL). Thus, one can clearly see that a non-interacting w x CDM cosmology is positively recovered by the observational data. Now, concerning the dark energy state parameter, we find that its quintessential and phantom characters are both allowed but indeed, all the estimations are close to the cosmological constant boundary. In particular, for the analysis with CMB alone and CMB + BAO + RSD, the mean values of w x are quintessential while for the rest two analyses, that means with CMB + BAO + HST and the final combination, CMB + BAO + RSD + HST + WL+ JLA + CC, the dark energy state parameter exhibits its phantom behavior. The estimated value of the dark-energystate-parameter for the final combination has been constrained to be, w x = −1.0168 +0.0407 −0.0331 (at 68% CL). Hence, one can safely state that the overall interacting picture at the background level is close to the non-interacting ΛCDM model. But, it is quite important to mention that only from the background evolution, the characterization of any cosmological model is not concrete. We have a number of evidences which clearly demonstrate that the interaction model is distinguished from ΛCDM model. The first evidence (it might be considered to be a weak one) comes from the constraints on the matter fluctuation amplitude σ 8 and later from the evolutions in the CMB temperature and matter power spectra (this is a strong evidence). The values of σ 8 for all the analyses performed in this work are very large in compared to the Planck's estimation [5] while one may also note that the errors bars in σ 8 are also very large in compared to what Planck estimated [5] , and hence, one might argue that although the allowed mean values of σ 8 are very large for the present interacting model, but within 68% CL, they can be close to the Planck's values. For all the analyses, one can find that the 68% regions of σ 8 are, 0.807 < σ 8 < 0.969 (CMB), 0.794 < σ 8 < 1.023 (CMB + BAO + RSD), 0.848 < σ 8 < 1.022 (CMB + BAO + HST) and 0.807 < σ 8 < 0.943 (CMB + BAO + RSD + HST + WL+ JLA + CC).
From the analysis at the perturbative level, we see that the model is indeed distinguished from the noninteracting ΛCDM and w x CDM models, which is pronounced from the matter power spectra (right panel of Fig. 5 ) in compared to the temperature anisotropy in the CMB spectra (left panel of Fig. 5 ). Such deviation is also clearly reflected from the relative deviation of the interacting model with respect to the ΛCDM model displayed in Fig. 6 . The left panel indicates the relative deviation in the CMB spectra while the right panel stands for the relative deviation in the matter power spectra. However, such deviation is not much significant.
Thus, in summary, we find that an exponential interaction, a choice beyond the usual choices for the interaction rates, is astronomically bound to assume weak coupling strength and the overall scenario stays within a close neighbourhood of w x CDM as well as the ΛCDM model too. [74, 75] .
